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ABSTRACT
Background: Previous researchers have reported on the reliability of the scoring of the FMS™ movement 
screens. Those authors have reported good to excellent inter-rater reliability between paired raters of similar 
experience level (either novice or expert), but no comparisons of inter-rater reliability exist between a novice 
and an expert. 

Purpose: The purpose of this investigation was to examine the inter-rater reliability of the scoring of the FMS™ 
between trained novices and an expert rater using video records. 

Methods: Twenty healthy college students participated. Each participant performed the series of seven 
functional movement screens. Four raters (three novices and one expert) independently scored the seven 
FMS™ tests by watching video recordings of the movements.. 

Results: The mean total FMS™ score for all subjects was 14.6 ± 1.9, and was not significantly different between 
raters (p = 0.136). For the individual tests, half of them had perfect agreement, while the other half ranged from 
slight to moderate agreement (33-66%). 

Conclusion: Total FMS™ scores were similar among the raters, and the inter-rater reliability for a majority of the 
individual tests had as strong agreement despite the various level of experience of the raters scoring the FMS™ 
tests. 

Clinical Relevance: Although there was mostly moderate to perfect agreement among raters, the level of expe-
rience of the rater scoring the FMS™ should be considered, as it appears that the expert rater was more critical 
than novice raters in the interpretation of the scoring criteria.
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INTRODUCTION
Multiple factors including previous injury, condi-
tioning, and skill level may predispose athletes to 
injury. Compensatory movements may be related to 
muscle tightness, muscular weakness, and altered 
or poor neuromuscular patterns.1-3 For decades reha-
bilitation professionals have used muscle length 
tests, manual muscle tests, and range of motion 
assessments to attempt to determine not only the 
status of their athletes with regard to impairments 
and dysfunction, but also regarding the readiness of 
injured athletes to return to participation. Such an 
approach is likely to fall short of assessing the func-
tion of the entire kinetic chain. In order to attempt 
to screen for factors relating to injury, profession-
als have begun to assess function using foundational 
movement patterns that require coordinated utility 
of multiple joints and their movements.1-3 A series 
of movement patterns, when used as a test battery, 
may help determine motor dysfunction if it exists.

The term “regional interdependence” is used to 
describe the relationship between regions of the body 
and how dysfunction in one region may contribute to 
dysfunction in another region.4,5 In fact, it is becom-
ing apparent that what may appear to be an isolated 
injury or dysfunction may have far reaching effects 
in regions away from the injury site.6-11 Nadler et al10 
demonstrated that rehabilitation after injury should 
not be isolated to the injured region, rather, it should 
address the athlete as a whole in order to return the 
athlete to the highest level of function.12 Thus, it is 
important that a regional approach to movement, 
function, and rehabilitation be employed by those 
treat patients of all abilities. 

A system that can be used to assess fundamental 
functional performance, The Functional Movement 
Screen (FMS™) has been described by Cook and col-
leagues.2-3 If valid and reliable, tests that assess mul-
tiple domains of function may enhance the ability of 
professionals to identify athletes at risk for injury.13 
The FMS™ is comprised of seven multi-joint move-
ment patterns designed to assess and rate functional 
movement by incorporating upper and lower extrem-
ity sequenced movements that require concurrent 
coordination of both stability and movement of the 
trunk and pelvis. These tests incorporate many facets 
of human movement including strength, motor con-

trol, balance, and symmetry. Cook et al1-3 have sug-
gested that fundamental movements, such as those 
that comprise the FMS™, are basic movement skills 
that may be related to a wide variety of movement 
patterns used in ADL’s and sports. The seven FMS™ 
tests and the criteria for scoring their performance 
have been well described in previous studies.2,3,13-15

Preliminary investigations by Kiesel et al16 and Chorba 
et al14 described the use of the FMS™ for screening 
athletes and attempted to determine the predictive 
value of the FMS™ related to injury. Kiesel et al16 
determined that athletes who scored 14 or less on the 
FMS™ possessed dysfunctional movement patterns 
that may correlate with greater risk of injury. Chorba 
et al14 examined female collegiate athletes and found 
that those who scored less than 14 on the FMS™ had 
an approximate four-fold increase in risk (odds ratio 
3.85-4.58) of lower extremity injury throughout the 
course of a season. There was a significant correla-
tion between low-scoring athletes and injury (p = 
0.021, r = 0.76) suggesting that the FMS™ may be 
able to successfully predict which female athletes, 
without a history of previous musculoskeletal injury, 
would be injured over the course of a season.14 

Minick et al13 described the inter-rater reliability of 
the FMS™ between pairs of novice and expert rat-
ers, all trained in scoring of the FMS™. Video record-
ings of the FMS™ tests were given to the raters to 
score. Statistical analysis using the weighted Kappa 
Statistic suggested excellent or substantial agree-
ment between raters on the majority of the tests. 
The authors suggested that the FMS™ could be reli-
ably used to assess movement patterns of athletes and 
recognize which individuals may be at risk for injury. 

Onate et al17 and Smith et al18 assessed the inter-rater 
reliability of the FMS™ among raters of different lev-
els of training and experience using real-time analy-
sis. They found excellent (ICC = 0.98) to good (ICC’s 
0.87-0.89) inter-rater reliability for total scores, respec-
tively. Inter-rater reliability of individual FMS™ move-
ments was also reported by Smith et al, and ranged 
from fair to good (ICC’s 0.30-0.89), however, percent 
agreement between raters was not reported. 

Gribble et al19 and Smith et al18 and assessed the 
intra-rater reliability of total FMS™ scores using both 
video-taped (Gribble) and real-time (Smith) assess-
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ments. They reported reliability between raters of 
different training and experience as ranging from 
ICC= 0.37-0.9519 to ICC= 0.81-0.91.18 In the study 
by Gribble et al19 athletic trainers with an average 
of 6.41 years of experience had the strongest intra-
rater reliability (ICC=0.95) while the non-certified 
student athletic trainers had only poor intra-rater 
reliability (ICC=0.37). Onate et al17 also reported on 
intra-rater reliability of both FMS™ among certified 
and non-certified raters with widely variant levels 
of experience. Their findings demonstrated poor to 
good reliability of the individual FMS™ movements 
with Kappa values ranging from 0.16-0.84. 

Schneiders et al20 published a description of norma-
tive FMS™ scores using active male and female sub-
jects. Their mean composite FMS™ score was 15.7 
out of 21 (CI 15.4-15.9) with no significant difference 
between females and males. Additionally, they used 
a sub-group of 28% of their sample, to determine reli-
ability of scoring between the two trained and experi-
enced raters who participated. However, the authors 
did not clarify what comprised trained or experienced 
in their raters. The authors were able to demonstrate 
excellent inter-rater reliability for the total FMS™ 
score (ICC = 0.971), and Kappa scores ranging from 
0.73-1.00 for the individual FMS™ tests, demonstrat-
ing substantial to excellent inter-rater reliability. 

In summary, Schneiders et al17 found excellent inter-
rater reliability among two raters with the same level 
of experience, and Minick et al13 found excellent inter-
rater reliability when comparing pairs of novice raters 
or pairs of expert raters (also same levels of experi-
ence). Two groups of authors18,19 have reported a variety 
of intra-rater reliability values, and only Smith et al18 
reported inter-rater reliability of scoring between raters 
of different levels of training and experience using real 
time analysis. Thus, whether raters of various experi-
ence levels demonstrate equally high inter-rater reli-
ability remains incompletely explored. The purpose of 
this investigation was to examine the inter-rater reli-
ability of the scoring of the FMS™ between trained nov-
ices and an expert rater using video records. 

METHODS

Subjects 
Twenty college-aged subjects (Table 1) were recruited 
by word of mouth. Subjects were active student 

volunteers who were free of lower extremity injury 
or dysfunction, and able to participate in all normal 
activities at the time of the study.  Prior to partici-
pation, subject’s signed an informed consent form 
approved by the Human Subjects Review Board.

Procedures 
Subjects reported to the Biomechanics & Human Per-
formance Lab on one occasion for the testing protocol. 
The subject’s height and weight were measured. Prior 
to the subject performing a given functional move-
ment screen, the investigator first demonstrated the 
movement, while providing standard instructional 
cues developed from the descriptions provided by 
Cook et al.2,3 on how to generally perform the move-
ment. Each subject performed the seven functional 
movement tests, in the order described by Cook et 
al.2,3 while being videotaped from sagittal and fron-
tal views (Sony Handycam, Model DCR-TRV70, Sony 
Corporation, Tokyo, Japan). When appropriate, the 
functional movement screens were performed sepa-
rately on the right and left sides.

Three novice raters (third-year physical therapy stu-
dents, all certified in FMS™ scoring) and one expert 
rater (Formal training before certification existed, 3 
years regular experience with FMS™ scoring), inde-
pendently assessed the performance of the FMS™ 
tests performed by the subjects, by watching video 
recordings of the movements at normal speed. No 
slow motion viewing was allowed to attempt to rep-
licate real-time scoring. The raters were allowed to 
replay the video. They used the FMS™ standard scor-
ing criteria originally developed and published for 
the seven screening tests.1-3 All scores were recorded 
on a data collection sheet, and when bilateral scores 
differed the lower of the two was used for the total 
score, as per the test instructions. A total score of 21 
is the highest score a participant can achieve. 

STATISTICAL METHODS
The Fisher’s Exact test was used to compare scores 
among raters, since the data was non-parametric, 

Table 1. Subject Demographics.
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and not all assumptions for the Chi-squared test 
were met. This test allows for each novice rater to be 
compared to the expert rater, or look for agreement 
among a pair of raters. The statistical test detected 
whether significant discrepancies existed in the 
scoring for a given FMS™ test between raters. The 
ICC could not be used for the data analysis of the 
individual movements because the interval between 
scores awarded on the FMS™ test cannot be consid-
ered equal. The use of a weighted Kappa statistic as 
described by Minick et al13 is reserved for examining 
agreement between paired raters. Since the study 
design called for more than one novice rater to be 
compared to the expert rater the authors could not 
compare to the expert rater by using a weighted 
Kappa. Mean total FMS™ scores were examined using 
a one-way ANOVA to determine whether significant 
differences existed between raters (p < 0.05). Mean 
total scores were also examined using the Intraclass 
correlation coefficient (ICC3,1) in order to determine 
inter-rater reliability of these scores between raters. 

RESULTS
The mean total score on the FMS™ for all subjects by 
all raters was 14.64 (SD 1.9) and the mean total FMS™ 
score for each rater is shown in Table 2. Although 
rater four (the expert) had a slightly lower total mean 
FMS™ score than the other three raters, there were 
no significant differences in mean scores between 
raters (p = 0.14). The ICC for mean total scores was 
0.88 (95% CI .767-.948) indicating good to excellent 
overall consistency between raters (Table 2).

Of the twelve separate tests that comprise the FMS™ 
six tests demonstrated perfect agreement among the 
raters (Table 3). Three of the twelve tests (Hurdle 
step L, Hurdle step R, Shoulder mobility L) demon-
strated moderate agreement (66%), and three tests 

(Squat, Rotary Stability R, Rotary Stability L) demon-
strated slight agreement (33%).

In order to examine the tests with slight agreement for 
inter-rater reliability, further analysis of scoring was 
achieved by examining the actual score distribution 
among the novices and expert to determine if experi-
ence level may have allowed for more critical or lenient 
interpretation of scoring of FMS™ tests. For each of the 
tests that only had 33% agreement, the expert rater 
scored the performance lower than the novices.

DISCUSSION

Total FMS™ Scores
Total FMS™ scores generated by the four raters were 
not significantly different, demonstrating the abil-
ity of four different raters (one expert, three nov-
ices) to score the group of tests similarly. Likewise 
the scores of the four raters demonstrated good to 
excellent correlation (ICC3,1 = 0.882). This is consis-
tent with the results of Schneiders et al20 whose rat-
ers total FMS™ scores were closely related (ICC = 
0.971), the inter-rater reliability reported by Smith 
et al18 (ICC’s ranging between 0.87-0.89), and inter-
rater reliability demonstrated by the raters in the 
Onate et al17 study (ICC’s 0.92-0.98). Schneiders et 
al20 did not report the level of clinical experience of 
their raters, only that they were experienced, and the 

Table 2. Composite FMS™ scores and Inter-rater 
reliability for all subjects (n = 20)

Table 3. Inter-rater Agreement (Fisher’s Exact) between 
Novice Raters & Expert Rater for Individual Tests 
 Comprising the FMS™ 
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raters in the Onate et al.17 study varied between an 
ATC with four years of experience, and other mod-
erately experienced raters, as well as a true novice 
who had only read the FMS™ manual. The raters in 
the current study utilized video analysis while rat-
ers in the other three studies used real-time analysis, 
thus accounting for the greater scrutiny of the raters 
in the current study, and slightly lower inter-rater 
reliability. Because the rater’s total FMS™ scores in 
the current study were very similar, and similar to 
others reported in the literature, it would have been 
helpful to examine total FMS™ found in the Minick 
et al13 study. Unfortunately, although Minick et al13 
reported excellent agreement among raters, they did 
not report total FMS™ scores to allow comparisons 
between total scores between raters in their study 
and those who completed the ratings in the current 
study.   

The mean total FMS™ score of the current study 
group of healthy male and female subjects (14.64, 
SD 1.90) was similar to the male and female athletes 
in the Smith study (14.3, SD 1.5) and the female 
athletes in the Chorba et al14 study (14.3, SD 1.77). 
However mean total FMS™ scores for the subjects in 
the current study were lower than those reported 
by Schneiders et al20 (15.7; 95% CI 15.4-15.9), and 
Onate et al17 during their inter-rater reliability analy-
sis (16.75; 95% CI 15.81-17.74).

Inter-rater Agreement
Data in the current study indicate that half of the 
FMS™ tests demonstrated perfect agreement in scor-
ing (Table 3) when comparing between novice and 
expert raters. The purpose of the current study was 
to examine the reliability of scoring between FMS™ 
raters of varied experience levels, as compared to 
earlier studies that used homogenous pairs of rat-
ers or raters with widely variant experience.  The 
current results support most of the reliability (agree-
ment) results presented by Minick et al, although 
the some of the individual tests showed less agree-
ment among raters than those demonstrated by the 
raters in Minick et al.13 Despite the similar method-
ologies used in the two studies, the current study 
compared scoring between novice and expert raters 
(3 pairs; 1 novice vs. 1 expert in each pair), whereas 
Minick et al13 examined agreement between a single 
pair of novice raters and a single pair of expert rat-

ers. It is possible that the ability of the novice rat-
ers were more similar to each other in scoring the 
FMS™ tests, and likewise greater similarities existed 
in scoring between expert raters, thus allowing for a 
higher inter-rater agreement by Minick et al.13

Three individual tests demonstrated moderate agree-
ment between raters, while the remaining three indi-
vidual tests demonstrated slight agreement. Upon 
further examination, in the tests that demonstrated 
poorer agreement, the authors found that the expert 
was more critical (scored participants lower) than 
the novices the majority of the time. It is possible 
that the expert rater became more critical with expe-
rience. Thus, in the current study, the authors see a 
slight difference of scoring based on the experience 
level of rater, whereas the previous studies could not 
compare raters with a heterogenous level of expe-
rience. This could explain the overall poorer levels 
of agreement in the current study as compared to 
others. 

The individual FMS™ tests with the lowest inter-rater 
reliability in the current study, the Squat and Rotary 
Stability tests, also had the lowest level of agreement 
between raters in both the Minick et al13 study and 
the Schneiders20 study. This may indicate that these 
two tests are the hardest to rate consistently due to 
the array of joints and segments utilized to complete 
the tasks. Additionally, based on the current utiliza-
tion of interval scoring using the 0-3 scale, it may be 
difficult to discern where movement failure occurs, 
and difficult to describe or quantify such failures with 
so few scoring choices. Interestingly, Onate et al17 
found the poorest inter-rater reliability on the ASLR 
with Kappa values for the novices and the trained 
raters ranging between 0.34-0.44, whereas the raters 
in the present study demonstrated 100% agreement 
on this performance test. The authors are unable to 
determine why this dramatic difference in agree-
ment existed between studies, both of which used 
raters with a variety of skill and expertise. It may be 
that experience in test scoring and repetition of scor-
ing procedures may affect the ability to score the 
FMS reliably. Future studies should account for and 
report rater qualifications and experience in greater 
detail to allow for comparisons across studies. This 
could include certifications, and number of test bat-
teries scored over time. 
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Limitations
A limitation to this investigation is that each novice 
was compared to a single expert, but this was consis-
tent with the study design that intended to examine 
percent agreement between raters of differing train-
ing and experience. 

Another limitation to the present study was that there 
were no restrictions placed upon how many times 
reviewers could view the videotaped records (in two 
planes of movement) of subjects test performances. 
Video analysis may have provided the raters in the 
current study the potential to apply greater scrutiny 
or critical interpretation to their scoring. The authors 
acknowledge that video viewing may explain the 
increased scrutiny of the current raters, and does 
not mimic the normal utilization of this testing sys-
tem that typically occurs in real time, with a single 
viewing of a performance of a test maneuver. 

The authors are aware of a proposed 100-point scor-
ing system that eliminates the difficulty encountered 
with use of an interval based scoring system.21 Use of 
such a scoring system may stimulate additional assess-
ments of reliability of the FMS™ scoring, providing for 
greater discrimination between scores as well as offer-
ing detail as to when movement failures occur.

CONCLUSION
In conclusion, the FMS™ is growing in popularity 
and utilization by fitness and rehabilitation profes-
sionals for functional screening of athletes, patients, 
and clients. Total FMS™ scores appear to be able to 
be scored reliably between trained raters while the 
individual tests vary in their ability to be rated reli-
ability. The current results agree are similar to those 
found by previous authors, which suggest that the 
composite FMS™ test battery can be used confidently 
by trained raters to assess fundamental movement 
patterns and arrive at a total score; whereas the cur-
rent study suggests the reliability of individual tests 
scores may be less appropriate for assessing func-
tion in isolation, especially when using a heterog-
enous group of raters. 
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